HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers. L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt et à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés. Summary&horbar; In order to extend the duration of boar sperm survival at 15 °C for artificial insemination, we tested the effect of indole-3-acetic acid (IAA), which appeared to be the main sperm protective substance present in the Coco nucifera endosperm (coconut water). Two IAA concentrations (10 and 100 ng/mL) in Beltsville extender (BTS) were studied for their in vitro effects. The motility, the percentage of motile spermatozoa and the acrosome morphology of sperm were recorded each day over 13 days of storage at 15 °C, after 5 min and 3 h of incubation at 39 °C. The IAA effect on sperm preservation was also studied in vivo at a concentration of 10 ng/mL in BTS by inseminating groups of females twice at 24 h intervals either at DO (day of sperm collection) and D1 (DO/1) or at D5 and D6 (D5/6). At DO/1, the two groups of females (control and IAA) were inseminated with a total of 6.3 x 109 spermatozoa (3.15 x 10 9 at DO and the same dose at D1) whereas at D5/6, one IAA group was inseminated with a total of 6.3 x 10 9 spermatozoa and another one with 12.6 x 10 9 spermatozoa. The animals in the D5/6 control group were inseminated each with a total of 12.6 x 10 9 spermatozoa. For each group of females (n= 106-140), fertility rate (% farrowing) and prolificacy rate (litter size) were recorded. No effect of IAA in vitro on the motility rate and on the percentage of motile spermatozoa was observed over a 13 day storage. However, IAA (10 ng/mL) had a significant positive effect on the percentage of living spermatozoa with intact acrosomes after 13 days (66 vs 54%, P < 0.05). The fertility and prolificacy rates after 5-6 days of sperm preservation in BTS extender alone did not differ significantly between D5/6 and DO/1 but the total number of inseminated spermatozoa was 12.6 x 10 9 at D5/6 instead of 6.3 x 10 9 at DO/1. When the spermatozoa were stored in the presence of 10 ng/mL IAA for 5-6 days at 15 °C, the fertility and prolificacy of the females inseminated with only 6.3 x 10 9 spermatozoa were identical to those of the females inseminated with an equal number of spermatozoa at DO/1 in the presence or absence of IAA.
Original article
Effect of indole-3-acetic acid ( 20 June 1996) Summary&horbar; In order to extend the duration of boar sperm survival at 15 °C for artificial insemination, we tested the effect of indole-3-acetic acid (IAA), which appeared to be the main sperm protective substance present in the Coco nucifera endosperm (coconut water). Two IAA concentrations (10 and 100 ng/mL) in Beltsville extender (BTS) were studied for their in vitro effects. The motility, the percentage of motile spermatozoa and the acrosome morphology of sperm were recorded each day over 13 days of storage at 15 °C, after 5 min and 3 h of incubation at 39 °C. The IAA effect on sperm preservation was also studied in vivo at a concentration of 10 ng/mL in BTS by inseminating groups of females twice at 24 h intervals either at DO (day of sperm collection) and D1 (DO/1) or at D5 and D6 (D5/6). At DO/1, the two groups of females (control and IAA) were inseminated with a total of 6.3 x 109 spermatozoa (3.15 x 10 9 at DO and the same dose at D1) whereas at D5/6, one IAA group was inseminated with a total of 6.3 x 10 9 spermatozoa and another one with 12.6 x 10 9 spermatozoa. The animals in the D5/6 control group were inseminated each with a total of 12.6 x 10 9 spermatozoa. For each group of females (n= 106-140), fertility rate (% farrowing) and prolificacy rate (litter size) were recorded. No effect of IAA in vitro on the motility rate and on the percentage of motile spermatozoa was observed over a 13 day storage. However, IAA (10 ng/mL) had a significant positive effect on the percentage of living spermatozoa with intact acrosomes after 13 days (66 vs 54%, P < 0.05). The fertility and prolificacy rates after 5-6 days of sperm preservation in BTS extender alone did not differ significantly between D5/6 and DO/1 but the total number of inseminated spermatozoa was 12.6 x 10 9 at D5/6 instead of 6.3 x 10 9 at DO/1. When the spermatozoa were stored in the presence of 10 ng/mL IAA for 5-6 days at 15 °C, the fertility and prolificacy of the females inseminated with only 6.3 x 10 9 spermatozoa were identical to those of the females inseminated with an equal number of spermatozoa at DO/1 in the presence or absence of IAA.
pig I sperm / 3-indole-acetic acid I fertility I prolificacy I artificial insemination Résumé &horbar; Effet de l'auxine végétale, l'acide 3-indole-acétique, sur la conservation du sperme de verrat pour l'insémination artificielle. (Paquignon, 1984) . For an efficient organization of inseminations and optimal use of semen doses in breeding, it is essential that sperm can be stored over long periods of time with no or minimal loss in fertilizing ability (Paquignon et al, 1982a; Rillo et al, 1991) . ). The best current extender for porcine At is Beltsville thawing solution (BTS) (Paquignon et al, 1987; Blichfeld et al, 1988; Reed and Curnock, 1991) which permits economically acceptable boar sperm preservation for 2-3 days after collection . Taking into consideration work organization in pig farms, it would be of great interest to conserve fertile sperm over a 5-6 day period.
Preliminary studies have shown that endosperm from Coco nucifera (coconut water) can be used for the preservation of sperm from bucks (Toniolli, 1989) , boars (Toniolli, 1990 (Toniolli, ,1991 and rams (Freitas and Ferreira-Nun6s, 1994) . Fractionation of coconut water has permitted isolation of a component, named JYP, which appeared to be, at least in part, responsible for the favourable effect of coconut water (FerreiraNun6s, Combarnous and Leclercq, unpublished data). Later, indole-3-acetic acid (IAA) was identified as the main active molecule in JYP (Combarnous and Ferreira-Nun6s, 1995 (Kovacs and Foote, 1992) .
For the in vivo study, a total of 634 crossbred sows were used among which only 54 (8.5%) were nulliparous and evenly distributed among the five experimental groups randomly distributed among 112 farms. Forty-nine ejaculates from 37 boars were used. The experiment was carried out between December 1992 and December 1994 over all seasons. Four technicians were in charge of artificial inseminations and the collection of farrowing data. Inseminations were performed twice at 24 h intervals at days 0 and 1 (DO/1) or at days 5 and 6 (D5/6) after sperm collection. The females in the DO/1 groups (control and IAA) were inseminated with 2 x 90 mL diluted sperm (total of 6.3 x 10 9 spermatozoa). The females in two D5/6 groups (control and IAA) were inseminated with 2 x 180 mL diluted sperm (total of 12.6 x 10 9 spermatozoa) or with 2 x 90 mL diluted sperm (total of 6.3 x 10 9 spermatozoa) in the third D5/6 group (IAA). Figure 1 shows that the presence of IAA at 10 or 100 ng/mL was without any significant effect over a 13 day period at 15 °C on the percentage of motile spermatozoa ( fig 1A) and their motility rate ( fig 1B) after 5 min or 3 h of incubation at 39 °C. Although not significant, a slight effect of IAA at a concentration of 10 ng/mL can be observed on both parameters between D7 and D13. In the scope of storing sperm over a 5-6 day period for Al, it is noteworthy that there is almost no decrease in motility parameters between DO and D5/6 whether IAA is present or not in BTS extender.
Thirty-four ejaculates, each from different boars, were used to study acrosome morphology after 13 days at 15 °C. Table I shows that the presence of IAA (10 ng/mL) in BTS during the 13 day storage leads to a significant increase in the proportion of living spermatozoa with intact acrosome (66 vs 54%; P < 0.05). Nevertheless, the number of sperm used at D5/6 was twice as much as at DO/1. When the sows were inseminated with sperm stored for 5-6 days in the presence of 10 0 ng IAA per mL of BTS (group C), there was no decrease in fertility and prolificacy even though only 6.3 x 10 9 spermatozoa were used. Because poor results were expected with 6.3 x 10 9 spermatozoa stored for 5-6 days in BTS alone (Paquignon, 1984) , such a control group could not be included in the present study.
DISCUSSION
Numerous studies have been carried out to increase the survival duration of boar sperm in liquid form (Bariteau et al, 1977; Slaweta et al, 1981; Paquignon et al, 1987 Paquignon et al, , 1988 Cheng, 1988; Galli and Bosisio, 1988; Rillo et al, 1991; Sone et al, 1992; Galli et al, 1993) . The BTS extender is the most largely used extender for boar sperm survival at 15 5°C as it allows economically acceptable fertility and prolificacy rates for time periods up to 3 days (Bariteau et al, 1977; Strzezek et al, 1979; Paquignon et al, 1982b Paquignon et al, , 1987 Galli and Bosisio, 1988; Revell and Glossop, 1989; Sone et al, 1992) . Since previous work had shown a beneficial effect of coconut water on sperm survival in different species (Toniolli, 1989 (Toniolli, , 1990 (Toniolli, , 1991 (Johnson et al, 1988; MachAty et al, 1992 (Blesbois et al, 1996) have also shown a favourable effect of IAA on sperm preservation in the fowl.
It has been known for a long time that the indole-3-acetic acid (IAA) molecule is the main plant hormone named auxin. However, it is only recently that the molecular mechanisms of auxin action in plants have begun to be understood (Barbier-Brygoo, 1995 (Candeias et al, 1995) and such a reaction is expected to have adverse effects on sperm fertilizing ability (Windsor et al, 1993) . However, at pH 7.5 this reaction is only observed in the presence of horseradish peroxidase (10 pg/mL) with concentrations of IAA and H 2 0 2 of 2.5 x 10-4 M and 1 x 10-3 M, respectively. In our experimental conditions (no added peroxidase, no H 2 0 2 and 5.7 x 10-9 M IAA), it is very unlikely that IAA promotes sperm lipid peroxidation.
IAA has also been shown to bind to a glutathion-S-transferase (GST) and to reduce its activity towards its substrates in a noncompetitive manner in plants (Bilang and Sturm, 1995) . GST activity has been demonstrated at several levels in the male genital tract: epididymal cells (Robaire and Viger, 1995) , in pachytene spermatocytes, spermatids and cytoplasmic droplets (Yoganathan et al, 1989; Papp et al, 1994; Veri et al, 1994) and the g-class of GST has been detected in mouse and rat spermatozoa (Aravinda et al, 1995; Fulcher et al, 1995) . In the rat, GST was detected immunocytochemically on sperm acrosome (Aravinda et al, 1995) . Therefore, a possible direct effect of IAA on sperm GST should be taken into consideration to explain its favourable effect on acrosome protection.
In addition, IAA has been demonstrated to accelerate the protein disulfide-isomerase (PDI) activity present in soybean plasma membranes (Morre et al, 1995) . PDI activity has also been found at the external surface of platelet plasma membranes (Essex et al, 1995) and hepatocytes (Terada et al, 1995) in mammals and it is known to permit correct refolding of proteins through chaperone-like activity (Song and Wang, 1995) . As it is also present in the acrosome of spermatozoa (Ohtani et al, 1993) 
